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DESCRIPTION 

ALTERNATOR RECTIFIER 

TECHNICAL FIELD 
The present invention relates to an alternator rectifier for converting 
alternating current generated in a stator into direct current in an automotive 
alternator mounted to a vehicle, for example. 

BACKGROUND ART 

Examples of known conventional automotive alternators include 
automotive alternators including: a case; a rotor disposed inside the case, the 
rotor being fixed to a shaft and having a fan on an end portion; a stator 
disposed so as to surround the rotor, an alternating current being generated in 
the stator by a rotating magnetic field from the rotor; and a rectifier disposed 
near an end portion of the shaft, the rectifier rectifying the alternating current 
which is generated by the stator, wherein the rectifier includes: a first heat 
sink; first unidirectional conducting element bodies disposed on a front surface 
of the first heat sink so as to be spaced apart; a second heat sink disposed 
radially outside the first heat sink; second unidirectional conducting element 
bodies disposed on the second heat sink so as to be spaced apart; and a 
circuit board having circuit board terminals for connecting the first 
unidirectional conducting element bodies and the second unidirectional 
conducting element bodies so as to constitute a bridge circuit (See Patent 
Literature 1 , for example). 

In such configurations, terminal connection portions configured by 
connecting terminals leading out of the first unidirectional conducting element 
bodies and terminals leading out of the second unidirectional conducting 
element bodies with the circuit board terminals are disposed between the 
circuit board and the first unidirectional conducting element bodies and 
between the circuit board and the second unidirectional conducting element 
bodies, respectively. 
Patent Literature 1 

Japanese Patent Laid-Open No. 2002-153030 (Gazette) 

In conventional automotive alternator rectifiers, since the respective 
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terminal connection portions between the terminals of the first unidirectional 
conducting element bodies and the circuit board terminals and between the 
terminals of the second unidirectional conducting element bodies and the 
circuit board terminals are on an opposite side from the fan, only a small 
cooling airflow passes through and one problem has been that temperature 
increases in the first unidirectional conducting element bodies and the second 
unidirectional conducting element bodies are large. 

Another problem has been that the terminal connection portions are in 
narrow spaces between the circuit board near the rotor and the first 
unidirectional conducting element bodies and between the circuit board near 
the rotor and the second unidirectional conducting element bodies, making 
workability when connecting the terminal connection portions poor. 

DISCLOSURE OF INVENTION 

The present invention aims to solve the above problems and an object 
of the present invention is to provide an alternator rectifier enabling 
temperature increases in first unidirectional conducting element bodies and 
second unidirectional conducting element bodies to be suppressed and 
improving workability when connecting a connection portion, etc. 

In order to achieve the above object, according to one aspect of the 
present invention, there is provided an alternator rectifier including a terminal 
connection portion configured by connecting a terminal leading out of first 
unidirectional conducting element bodies and a terminal leading out of second 
unidirectional conducting element bodies respectively with a circuit board 
terminal is disposed between a rotor and a circuit board. 

In an alternator rectifier according to the present invention, 
temperature increases in the first unidirectional conducting element bodies and 
the second unidirectional conducting element bodies can be suppressed and 
workability when connecting the terminal connection portion is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cross section of an automotive alternator according to 

Embodiment 1 of the present invention is installed; 

Figure 2 is an electrical circuit diagram for the automotive alternator in 

Figure 1 ; 

Figure 3 is a perspective showing a rotor from Figure 1; 
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Figure 4 is a front elevation showing the rectifier from Figure 1 when 
viewed from a front end of the automotive alternator; 

Figure 5 is a cross section showing a state in which a second 
unidirectional conducting element body from Figure 2 is joined to a second 
heat sink; and 

Figure 6 is a cross section showing a state in which a second 
unidirectional conducting element body is joined to a second heat sink in a 
rectifier according to Embodiment 2 of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Preferred embodiments of the present invention will now be explained 
based on the drawings, and identical or corresponding members and portions 
in the drawings will be given identical numbering. 
Embodiment 1 

Figure 1 is a cross section showing an automotive alternator 
(hereinafter simply "alternator") according to Embodiment 1 of the present 
invention, Figure 2 is an electrical circuit diagram for the alternator in Figure 1, 
Figure 3 is a perspective showing a rotor from Figure 1 , and Figure 4 is a front 
elevation showing the rectifier from Figure 1 when viewed from a front end of 
the alternator. 

In an alternator constituting a dynamoelectric machine, a shaft 5 
having a pulley 4 fixed to a first end portion is rotatably disposed inside a case 
3 constituted by a front bracket 1 and a rear bracket 2 made of aluminum. A 
Lundell rotor 6 is fixed to the shaft 5. A stator 9 is fixed to an inner wall 
surface of the case 3 around the rotor 6 so as to surround the rotor 6. 

Slip rings 10 for supplying electric current to the rotor 6 are fixed to a 
second end portion of the shaft 5. A pair of brushes 11 housed inside a brush 
holder 12 slide in contact with surfaces of the slip rings 10. 

A voltage regulator 13 for adjusting magnitude of alternating voltage 
generated in the stator 9 is fixed to the brush holder 12. Rectifiers 14 
electrically connected to the stator 9 so as to convert alternating current into 
direct current are also disposed inside the rear bracket 2. 

A plurality of front-end suction apertures la are formed on a 
radially-inner side of the front bracket 1 and a plurality of front-end discharge 
apertures 1b are formed on a radially-outer side. A plurality of rear-end 
suction apertures 2a are formed on a radially-inner side of the rear bracket 2, 
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and a plurality of rear-end discharge apertures 2b are fornried on a 
radially-outer side. 

The above rotor 6 includes: a rotor coil 15 for generating magnetic 
flux on passage of electric current; a pole core disposed so as to cover the 
rotor coil 15; a front-end fan 7 fixed to an end surface of the pole core near the 
pulley 4; and a rear-end fan 8 fixed to an end surface of the pole core away 
from the pulley 4. The pole core includes a front-end pole core body 16 and a 
rear-end pole core body 17 magnetized into North-seeking (N) poles and 
South-seeking (S) poles by the magnetic flux. The front-end pole core body 
16 and the rear-end pole core body 17 have front-end claw-shaped magnetic 
poles 18 and rear-end claw-shaped magnetic poles 19, respectively, that are 
claw-shaped and intermesh with each other. An annular plate 70 is disposed 
on an end portion of the front-end fan 7 near the pulley 4. An annular plate 71 
is disposed on an end portion of the rear-end fan 8 near the rectifiers 14. 

The above stator 9 includes: a stator core 20 through which a rotating 
magnetic field from the rotor 6 passes; and a stator coil 21 disposed radially 
inside the stator core 20. A plurality of slots formed so as to extend axially are 
disposed at a uniform pitch around an entire circumference radially inside the 
stator core 20, which is configured by stacking steel sheets. 

As shown in Figure 2, the stator coil 21 is constituted by two 
three-phase alternating-current windings 81 in each of which three winding 
portions 80 are three-phase wye connected, and the two three-phase 
alternating-current windings 81 have a phase difference corresponding to an 
electrical angle of 30 degrees from each other. 

The above rectifiers 14 include: a horseshoe-shaped aluminum first 
heat sink 30; rectangular parallelepipedic first unidirectional conducting 
element bodies 31 disposed on a front surface of the first heat sink 30 so as to 
be spaced apart circumferentially; a horseshoe-shaped aluminum second heat 
sink 32 disposed radially outside the first heat sink 30; rectangular 
parallelepipedic second unidirectional conducting element bodies 33 disposed 
on the second heat sink 32 so as to be spaced apart circumferentially; and a 
horseshoe-shaped circuit board disposed so as to cover the second 
unidirectional conducting element bodies 33. 

A plurality of radiating fins 30a are formed in a radial pattern on a rear 
surface of the aluminum first heat sink 30. The first unidirectional conducting 
element bodies 31 are formed by insertion molding diodes using an insulating 
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resin. A portion of a rear surface of the aluminum second heat sink 32 is 
placed in surface contact with the rear bracket 2. The second unidirectional 
conducting element bodies 33 are formed by insertion molding diodes using an 
insulating resin. 

The circuit board 34 is formed by insertion molding a plurality of circuit 
board terminals 35. The first unidirectional conducting element bodies 31 and 
the second unidirectional conducting element bodies 33 are connected by the 
circuit board terminals 35 so as to constitute a bridge circuit, and the two 
rectifiers 14 are connected in parallel. The stator coil 21 and the rectifiers 14 
are also connected by the circuit board terminals 35. 

As shown in Figure 1, terminal connection portions 40 formed by 
connecting the circuit-board terminals 35 with the first terminals 36 of the first 
unidirectional conducting element bodies 31 and the second terminals 37 of 
the second unidirectional conducting element bodies 33 are disposed between 
the rear-end fan 8 and the circuit board 34. The terminal connection portions 
40 project outward near the rear-end fan 8. 

Lead wire connection portions 50 formed by connecting the 
circuit-board terminals 35 and the lead wires 38 of the stator coil 21 project 
outward near the rear-end fan 8. 

Figure 5 is a cross section showing a state in which the second 
unidirectional conducting element bodies 33 are fixed to the second heat sink 
32. 

The rectangular parallelepipedic second unidirectional conducting 
element bodies 33 are joined to recess portions of the second heat sink 32 by 
brazing using a solder. The second terminals 37 of the second unidirectional 
conducting element bodies 33 are connected to the terminals 35 and lugs 62 of 
the circuit board 34 by resistance welding. 

Moreover, although not shown in this figure, the first terminals 36 of the 
first unidirectional conducting element bodies 31 are also connected to the 
terminals 35 of the circuit board 34 by resistance welding. 

The rectangular parallelepipedic first unidirectional conducting element 
bodies 31 are joined to recess portions of the first heat sink 30 by brazing 
using a solder. 

In an automotive alternator having the above configuration, electric 
current is supplied from a battery (not shown) through the brushes 11 and the 
slip rings 10 to the rotor coil 15, generating a magnetic flux and giving rise to 
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North-seeking (N) poles and South-seeking (S) poles in the front-end and 
rear-end claw-shaped magnetic poles 18 and 19, respectively. 

At the same time, since the pulley 4 is driven by an engine and the 
rotor 6 is rotated by the shaft 5, a rotating magnetic field is applied to the stator 
core 20, giving rise to electromotive force in the stator coil 21. 

Magnitude of the alternating-current electromotive force is adjusted by 
the voltage regulator 13, and the alternating-current electromotive force also 
passes through the rectifiers 14 and is converted into direct current, and the 
battery is charged. 

Due to rotation of the rear-end fan 8 fixed to the end surface of the 
rotor 6, external air is drawn in near the rear bracket 2 through the rear-end 
suction apertures 2a. and as indicated by arrow A in Figure 1, cools the 
rectifiers 14, then cools the terminal connection portions 40 and coil ends of 
the stator coil 21, and is then discharged externally through the rear-end 
discharge apertures 2b. As indicated by arrow B in Figure 1, external air also 
cools the voltage regulator 13, then cools the stator coil 21, and is then 
discharged externally through the rear-end discharge apertures 2b. 

As indicated by arrows C and D in Figure 1, near the front bracket 1, 
external air is also drawn in through the front-end suction apertures 1a, is 
deflected centrifugally by the front-end fan 7, cools the coil ends of the stator 
coil 21. and is discharged externally through the front-end discharge apertures 
lb. 

In an alternator rectifier according to this embodiment, terminal 
connection portions 40 configured by connecting the first terminals 36 of the 
first unidirectional conducting element bodies 31 and the second terminals 37 
of the second unidirectional conducting element bodies 33 with the terminals 
35 of the circuit board 34 are disposed between the rotor 6 and the circuit 
board 34, as indicated by arrow A, external air that has entered through the 
rear-end suction apertures 2a passes through the terminal connection portions 
40 and is discharged externally through the rear-end discharge apertures 2b, 
suppressing temperature increases in the first unidirectional conducting 
element bodies 31 and the second unidirectional conducting element bodies 
33. 

Moreover, if terminal connection portions are disposed radially outside 
a rear-end centrifugal fan, external air deflected centrifugally by the centrifugal 
fan will strike the terminal connection portions directly, further suppressing 
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temperature increases in first unidirectional conducting elennent bodies and 
second unidirectional conducting element bodies. 

Welding connection work space for the terminal connection portions 40 
can also be increased compared to conventional configurations, improving 
workability when connecting. 

Conventionally, a predetermined amount of space has been required 
between the circuit board and the first unidirectional conducting element 
bodies and between the circuit board and the second unidirectional conducting 
element bodies in order to ensure space for welding operations, but in the case 
of this embodiment, the need for space for welding operations between the 
circuit board 34 and the first unidirectional conducting element bodies 31 and 
between the circuit board 34 and the second unidirectional conducting element 
bodies 33 is eliminated, enabling axial length of the radiating fins 30a to be 
made proportionately longer. 

Since the fans 7 and 8 have the annular plates 70 and 71 fixed to end 
surfaces of the rotor 6, interference noise arising due to the rotation of the fan 
8 resulting from the circuit board 34 having an irregularly shaped surface is 
reduced by a flow-straightening action of the plate 71 on the rear-end fan 8 
facing the circuit board 34. 

Because the terminal connection portions 40 are configured by 
extending axially and connecting the first terminals 36 of the first unidirectional 
conducting element bodies 31 and the circuit-board terminals 35 and the 
second terminals 37 of the second unidirectional conducting element bodies 33 
and the circuit-board terminals 35, respectively, temperature increases in the 
first unidirectional conducting element bodies 31 and the second unidirectional 
conducting element bodies 33 are further suppressed since the terminal 
connection portions 40 receive more external air flowing radially as can be 
seen from the arrows A. 

Because the horseshoe-shaped second heat sink 32 is disposed 
radially outside the horseshoe-shaped first heat sink 30, length of the 
respective terminals 36 and 37 of the first unidirectional conducting element 
bodies 31 and the second unidirectional conducting element bodies 33 can be 
made generally equal, enabling the first unidirectional conducting element 
bodies 31 and the second unidirectional conducting element bodies 33 to be 
cooled in a well-balanced manner through the terminals 36 and 37. 

Because an outer peripheral portion of the second heat sink 32 is in 
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surface contact with the rear bracket 2, heat from the second heat sink 32 is 
discharged externally through the rear bracket 2 efficiently by thermal 
conduction. 

Because the first heat sink 30 and the second heat sink 32 are made 
of aluminum, thermal conductivity is higher and cost is lower than for copper, 
reducing manufacturing costs proportionately. 

Because the first unidirectional conducting element bodies 31 are 
joined to the first heat sink 30 by brazing using a solder, and the second 
unidirectional conducting element bodies 33 are also joined to the second heat 
sink 32 by brazing using a solder, heat from the first unidirectional conducting 
element bodies 31 and the second unidirectional conducting element bodies 
33 is smoothly transferred by thermal conduction to the first heat sink 30 and 
the second heat sink 32, respectively. 

Because the terminal connection portions 40 are formed using 
resistance welding, comparatively inexpensive equipment can be used to 
perform the welding operations. 

Because the lead wire connection portions 50 in which the lead wires 
38 of the stator coil 21 and the terminals 35 of the circuit board 34 are 
connected project outward near the rotor 6, the lead wire connection portions 
50 are also cooled by external air that has entered through the rear-end 
suction apertures 2a in a similar manner to the terminal connection portions 40, 
temperature increases in the first unidirectional conducting element bodies 31 
and the second unidirectional conducting element bodies 33, as well as in the 
stator coil 21, are also suppressed. 
Embodiment 2 

Figure 6 is a partial cross section showing an alternator according to 
Embodiment 2 of the present invention. 

In this embodiment, first unidirectional conducting element bodies 31 
are fitted into penetrating apertures formed on a first heat sink 30 and second 
unidirectional conducting element bodies 33 are fitted into penetrating 
apertures 60 formed on a second heat sink 32. 

A coating 61 is formed on a surface of the first heat sink 30 and the 
second heat sink 32 using an epoxy resin. 

Terminal connection portions 40 are formed by connection using 
tungsten-arc inert gas-shielded (TIG) welding. 

The rest of the configuration is similar to that of Embodiment 1. 
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In this embodiment, because the first unidirectional conducting element 
bodies 31 are fitted into the penetrating apertures formed on the first heat sink 
30 and the second unidirectional conducting element bodies 33 are fitted into 
the penetrating apertures 60 formed on the second heat sink 32, axial 
dimensions of the rectifiers 14 are shortened, enabling axial length of the 
radiating fins 30a of the first heat sink 30 to be made proportionately longer, 
enabling temperature increases in the first unidirectional conducting element 
bodies 31 and the second unidirectional conducting element bodies 33 to be 
further suppressed. 

Because the coating 61 is formed on the surface of the first heat sink 
30 and the second heat sink 32 using an epoxy resin, more heat is radiated 
from the first heat sink 30 and the second heat sink 32. 

The inventors of the present invention performed comparative 
experiments to measure temperature in the first unidirectional conducting 
element bodies 31 and the second unidirectional conducting element bodies 
33 when an alternator is operated in the "presence" and in the "absence", 
respectively, of the coating 61 . 

As a result, it was found that the temperature of the first unidirectional 
conducting element bodies 31 and the second unidirectional conducting 
element bodies 33 was 102 degrees Celsius when the coating 61 was absent 
but 97 degrees Celsius when the coating 61 was present, that is, there was a 
temperature drop of 5 degrees Celsius in the "presence" of the coating 61 
compared to when it was "absent". 

Since the terminal connection portions 40 are formed by welding using 
TIG welding, in which a torch can be inserted radially, they can be formed 
simply without having to dispose lugs 62 on the circuit-board terminals 35 as 
required in resistance welding. 

Moreover, in each of the above embodiments, explanations have been 
given for automotive alternators, but the present invention can of course also 
be applied to other alternating-current generators driven to rotate using an 
internal combustion engine other than a vehicle-mounted engine, or an electric 
motor, a water wheel, etc., as a driving source. 

The heat sinks 30 and 32 are described as being made of aluminum, 
but of course they are not limited to this material, and may also be made of 
copper, for example. 

The terminal connection portions 40 and the lead wire connection 
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portions 50 may also be crimped, then joined by brazing using a solder. 

A solder was used as a brazing filler material to fix the first 
unidirectional conducting element bodies 31 to the first heat sink 30 and fix the 
second unidirectional conducting element bodies 33 to the second heat sink 32, 
but of course the brazing filler material is not limited to solders. 

The present invention can of course also be applied to alternator 
rectifiers in which the first heat sink and the second heat sink are disposed so 
as to be separated from each other axially, and to alternator rectifiers placed in 
close contact with each other with an insulating sheet interposed. 
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